In analyzing metadata of community-scale properties of plant-fungus associations, we need to 1 0 3 use consistent terminology that can be applied to a wide range of host-symbiont associations.
1 0 4
While plant-fungus network properties have been compared within a single functional group of 1 0 5
fungi (e.g., arbuscular mycorrhizal or ectomycorrhizal fungi) in most studies, we herein target 1 0 6 not only arbuscular mycorrhizal and ectomycorrhizal fungi but also pathogenic and 1 0 7 saprotrophic/endophytic fungi. Given that those functional groups of fungi vary considerably in 1 0 8 their microscopic structure within plant tissue [8] , developing a general criterion for 1 0 9 mutualistic/antagonistic interactions with host plants is impossible. Thus, we targeted all the 1 1 0 fungi detected by high-throughput sequencing and the data described below could contain not 1 1 1 only mutualistic/antagonistic fungi but also commensalistic fungi merely adhering to plant 1 1 2 roots [38] . In this sense, our data represented symbiotic relationships in the broad sense, i.e., 1 1 3
intimate physical connections between organisms [17, 39] . We collected root samples at eight forest sites (four cool-temperate, one warm-temperate, and 1 1 7 three subtropical forests) across the entire range of the Japanese Archipelago (45.042-24.407 1 1 8 ºN; Fig. 1A ; Additional file 1: Data S1). In each forest, 2-cm segment of terminal roots were 1 1 9
collected from 3-cm below the soil surface at 1-m horizontal intervals. In each forest, 383 1 2 0 terminal root samples were collected. Those roots were collected indiscriminately regarding 1 2 1 root morphology or apparent mycorrhizal type so that the samples as a whole represented the TCG TGG GCT CGG -3'). In the reaction, KOD FX Neo was used with a temperature profile 1 5 0 of 94 ºC for 2 min, followed by 8 cycles at 98 ºC for 10 s, 55 ºC for 30 s, 68 ºC for 50 s, and a Ascomycota and Basidiomycota fungi [49] (see also [50] ), a recent study showed that 1 7 5
Glomeromycota fungi generally had much higher intraspecific ITS-sequence variation than in a previous study [17] . The taxonomic assignment of the OTUs (Additional files 3-4: Data species-level taxonomic information was unavailable for some plant taxa in each forest due to 1 9 1 the relatively low variability of the chloroplast region [57] . Thus, we also used the information 1 9 2 of the ITS sequencing libraries, which included not only fungal but also host plant sequencing 1 9 3 reads: there were plant taxa that could not be identified to species even with ITS information. Based on the rbcL and ITS information of plant sequences, possibly contaminated samples 1 9 5
were removed from the dataset. For each of the eight forests, we then obtained a sample (row) × fungal OTU (column) data 1 9 7 matrix, in which a cell entry depicted the number of sequencing reads of an OTU in a sample.
1 9 8
The cell entries whose read counts represented less than 0.1% of the total read count of each 1 9 9
sample were subsequently excluded because those rare entries could derive from (row) and a fungal OTU (column) ("species-level matrices"; Additional file 5: Data S5).
0 9
In addition to the matrix indicating associations between all fungal OTUs and their host plants functional groups of many fungal OTUs could not be estimated and there were only 9-25 2 1 5 9 fungal OTUs inferred to be plant pathogens in respective forests (Additional files 1 and 5: Data 2 1 6 S1 and S5). Based on the sample-level matrices, relationship between the number of samples and that of 2 2 0 observed fungal OTUs was analyzed for each forest using the "specaccum" function of the partner ranges) interact with partners of generalists (species with broad partner ranges) in the 2 3 0 same guild or trophic level. We further examined how host plant ranges were differentiated analyses (see below) of our present datasets consisting of more than 1,000 fungal OTUs and 2 3 6 their host plants. Note that we previously found that below-ground plant-fungal associations 2 3 7 generally showed statistically significant but low network modularity [17, 32, 65] . as well, while it was consistently higher in AM than in ALL, ECM, and SAPENDO 2 7 1 networks/partial networks in seven of the eight study forests (Fig. 3c ). The connectance of 2 7 2 PATHO partial networks varied considerably among forests presumably due to low OTU 2 7 3 richness and the resultant uncertainty in index estimation. The relative H 2 ' metric of interaction specificity significantly varied among forests but not connectance were controlled in an ANOVA model (Table 1 ; Fig. 3d ). The relative nestedness of 2 7 7 the ALL matrices of plant-fungus associations was lower than zero in most forests but not in associations in ALL networks were more specialized ( Fig. 3d ) and less nested ( Fig. 3e ) than 2 8 0 those of partial networks. In addition, fungal OTUs in ALL networks displayed stronger 2 8 1 differentiation of host ranges than those in partial networks (Fig. 3f ). relative checkerboard scores varied among localities (Fig. 3f ), although the effects of locality 2 8 5
were non-significant in an ANOVA model (Table 1 ). The ANOVA model showed that the as low relative nestedness (Fig. 4a) . By incorporating the third principal component, which 2 9 2
represented high fungal OTU richness and connectance, the cluster of AM partial networks and host ranges between fungi, and lower network nestedness than the partial networks of However, by extending findings in previous plant-fungus network studies [30, 31, 65] Among the network indices examined in this study, nestedness showed an idiosyncratic [34-36]. We found that below-ground plant-fungus networks often displayed "anti-nested" 3 1 6
architecture, in which scores representing nested network structure were lower than those 3 1 7 expected by chance (i.e., negative values of relative nestedness; Fig. 3e ), as suggested also in 3 1 8
previous studies [17, 31, 65] . Although factors organizing anti-nested network architecture 3 1 9
remain to be investigated, competition for host plants among fungal species has been inferred to The prevalence of anti-nested or non-nested network structures is in sharp contrast to [76]. Interestingly, a recent theoretical study on food webs predicted that strong coupling of To apply a standardized criterion for plant-fungus associations, we did not perform any macroecological studies of plant-fungus interactions [75, 94, 95] , along with experimental 4 0 0 studies testing functions of poorly characterized fungi [11, 13, 14] , will reorganize our 4 0 1 knowledge of terrestrial ecosystem processes. query-centric auto-k-nearest neighbor method. 
